The effects of increasing lysine levels on nitrogen balance of pigs fed on low protein diets were evaluated. Four treatments (diets) containing lysine levels (0.8, 1.0 1.2 and 1.4%) were applied to 12 starting (20.0 ± 1.8 
INTRODUCTION
Pig production has an important role on the supply of safe meat for people. However, safety in pig production has meant environmental security coupled to a reduction in excretion elements, such as nitrogen (Oliveira, 2001 ). Nitrogen excretion is determined by certain factors, mainly crude protein content of diet. The use of low protein in pig diets supplemented with amino acid reduces nitrogen excretion, without any decrease in performance (Canh et al., 1998) . Amino acids are required by pigs within a constant profile expressing the amino acid to lysine ratio in an ideal protein concept (Baker, 1996) . When the lysine requirement is determined, other amino acids requirements may be easily calculated.
Lysine requirement of pigs is influenced by factors such as gender, body weight, genetics and temperature (Miyada, 1996) . Nitrogen balance trials are not only used to determine amino acid requirement for pigs (Lewis and Nishimura, 1995) , but also for the best amino acid ratio (Hahn and Baker, 1995) . They determine nitrogen excretion and retention caused by different amino acid levels in experimental diets. This study investigated the effect of increasing lysine levels on nitrogen balance of starting barrow pigs fed on diets formulated according to the ideal protein concept. Lysine level that results in the best use of diet protein and lowest nitrogen excretion was also determined.
MATERIALS AND METHODS
A nitrogen balance trial was carried out with 12 crossbred barrow pigs (Large-White x Landrace/Large-White) from dam line SEGHERS ® , selected for high lean contents. Barrows (20.0 ± 1.8 kg BW) were randomly assigned to individual steel metabolism cages, equipped with stainless steel feeders and plastic floors. Average room temperature during the trial ranged between 22.8 ± 1.0 o C (minimum) and 29.2 ± 2.4 o C (maximum). Treatments consisted of four low-protein diets with increasing lysine levels. A basal diet (0.8% total lysine) was formulated with corn-soybean meal. Crystalline amino acids (L-lysine HCl, DLmethionine, L-threonine and L-tryptophan) were added to keep the ideal profile constant, as indicated by NRC (1998). Parameters were barrow pigs, 22.5 kg body weight with 300 g daily lean gain and 3,400 Kcal digestible energy/ kg diet. The other three diets (1.0, 1.2 and 1.4% total lysine) were formulated by supplementing the basal diet with crystalline amino acids (L-lysine HCl, DL-methionine, L-threonine and Ltryptophan) at the expense of cornstarch. Thus, the ideal amino acids profile (considering lysine, methionine+cystine, threonine and tryptophan) was maintained constant in all experimental diets adding synthetic amino acid. Yellow corn and soybean meal were analyzed for crude protein. Amino acid values were obtained from crude protein, according to EMBRAPA (1991) feed composition. Tables 2 and 3 . Pigs were blocked by body weight and allotted to 4 treatments (0.8, 1.0, 1.2 and 1.4 % total lysine) and distributed in three replicates. Pigs were adapted to crates and diets during 7 days (pretreatment period); 5 days of total fecal and urine collection period followed. The amount of daily fed diet was calculated according to daily feed intake of each pig during the pre-treatment period and metabolic weight (kg 0.75 ) of pigs, when body weight at the end of pre-treatment period has been taken into account. Barrows were fed twice a day (0800 and 2000) and water was given after each meal at a ratio of 3.0 mL of water/ 1 g of diet intake. Ferric oxide (Fe 2 O 3 ) was used as an indigestible marker to indicate the beginning and the end of fecal collection period. Feces were collected, weighted and frozen daily. Urine was collected continuously over the 5-day collection period through a tulle into a plastic bucket containing 10 mL sulfuric acid as preservative. Urine volume was measured and recorded daily and a 20% aliquot was retained and stored. All samples were stored at -18 o C until analysis. Prior to analyses, feces were thawed and mixed thoroughly. Feces sample was dried at 65 o C, ground through a 1 mm screen and then stored until laboratory analysis. Urine samples were thawed and strained through a coffee filter prior to nitrogen analysis. Nitrogen content of diets, feces and urine samples was analyzed by Kjeldahl procedure (AOAC, 1975) . Rostagno et al. (2000) .
The values of nitrogen intake (NI), output in feces (NOF) and in urine (NOU) were calculated by multiplying nitrogen levels of diets, feces and urine, by feed intake, excreted feces and urine, respectively. Nitrogen absorption (NAB = NI -NOF), total output (TNO = NOF + NOU), retention (NR = NI -TNO), net protein utilization (NPU = NR/NI) and the biologic value of feed protein (BVFP = NR/NAB) were subsequently calculated according to Adeola (2001 (Newman and Price, 1999) . Initial PUN (pre-treatment period) was used as a covariate to correct final PUN (treatment period) for individual animals differences, as suggested by Coma et al. (1995b) . Data were submitted to polynomial regression analysis, according to the following statistic model: Feed intake (FI) was used as covariate to NI, NOF, NOU and UUN. Values in each pig (replicate) were corrected to average feed intake (AFI) of total pigs by equation: CV j = OV j -b 1 (AFIOFIj), where: CV was the corrected value of variable response to FI in j pig; OV was the observed value of variable response in j pig; b 1 was the linear regression coefficient of FI, and OFI was the feed intake in j pig. Quadratic equations were derived to estimate lysine level, which resulted in the best response.
RESULTS AND DISCUSSION
Laboratory analyses for protein content of experimental diets were 13.39, 13.66, 13.94 and 14.44%, corresponding respectively to 0.8, 1.0, 1.2 and 1.4% total lysine diets. Data from nitrogen balance and plasma urea nitrogen are shown in Table 4 . Table 5 shows quadratic equations for each variable. The amount of feed given to the pigs was determined according to their feed intake during the adaptation period and their body weight, so, there were differences among their feed intake, but not differences among treatments. Increasing lysine levels led to increasing NI, which was not reported by Coelho et al. (1987) . Reduction in urinary nitrogen excretion meant reduction in urea excretion from amino acid catabolism. Lysine level that brought about minimum UUN (1.10%) was thus similar to minimum NOU (1.10) and TNO (1.09). Their equations were similar too. NPU represents NR:NI ratio and BVFP the NR:NAB ratio (Adeola, 2001 ). Since there was a similar increase in NAB and NI, it was expected that the best lysine values for NPU should be close to BVFP. Actually, these values (1.12%) were identical in our trial. The correlation coefficients between variables are shown in Table 6 . High negative correlation between PUN and NR (Table  6 ), was likewise reported by Coma et al. (1995a) . Since, a very high correlation between PUN and NOU was observed, we concluded that PUN was useful, easy and a fast way to indicate urinary nitrogen excretion in pigs. However, optimum lysine levels for PUN and NOU were different (1.15 and 1.10%, respectively). The quadratic response of nitrogen urinary excretion (Table 4 ) might have been caused either by maximum lysine utilization capacity of pigs reached within the studied range (around 1.1% total lysine) or by ideal lysine: energy ratio of the total lysine level above. However, experimental diets (Table 3) contained very low crude protein, with a highest reduction than the limit indicated by Kendall et al. (1998) . In this case, the high crude protein reduction might have become valine, a limiting amino acid (Mavromichalis et al., 1998) . Consequently, the quadratic response of nitrogen urinary excretion might have been caused by optimum amino acid balance obtained at approximately 1.1% total lysine (valine to lysine ratio). In instances with over 1.1% total lysine, all amino acids added exceeded valine content, being thus degraded and their nitrogen excreted. Although the highest NR represented the highest protein deposition and the optimum lysine level to NR was next to optimum level in pig weight gain (Coma et al., 1995a) , the importance of nitrogen excretion reduction by the pig production systems and the cost of protein feed may indicate more interesting variables with better nitrogen utilization (NPU and BVFP). Thus, in this trial 1.1% was accounted as the best total lysine level for pigs fed on low crude protein diets (around 14.2% crude protein). In physiological conditions, PUN is the resultant catabolism from excess of amino acids in the pig utilization capacity, or unbalanced amino acids beyond the protein turnover that normally occurs in animals (Lehninger, 1993) . PUN indicates the urea (nitrogen) production at a specific moment, while NOU and UUN are the nitrogen production during the 5-day period. Consequently differences between PUN and NOU and UUN equations have been reported. However, these equations also showed similar best lysine levels. The best lysine level indicated by PUN (1.15%) was intermediary among those indicated by other variables. Since PUN had a high correlation between some variables, it was efficient to indicate the utilization of pig amino acids it has thus been concluded that PUN could be a valid variable to establish pig amino acid requirement, as cited by Chen et al. (1995) . FI did not influence PUN (>0.1); and then PUN values were not corrected to FI. Initial PUN (baseline) was determined to be a covariate in the PUN analysis (Coma et al., (1995b) . However, there was no effect (P>0.01) of baseline on PUN and thus the baseline was not included in the statistic model. Average baseline value was 13.4 mg/dL when pigs were fed on a 19% crude protein content diet (commercial starting pig diet); average PUN value (when pigs fed on low crude protein content diets) was 5.5 mg/dL. In this case, diets formulated according to ideal protein concept caused a 59% (P<0.01) reduction on PUN, which indicated a great reduction in nitrogen urinary excretion. Cahn et al (1998) reported a 45% reduction on nitrogen urinary excretion when crude protein content diet decreased from 16.5 to 12.5%. The average ratio of NR to NC amounted to 69%, in fact higher than the 30 to 40% that generally occurs (Oliveira, 2001) . Results indicated that pigs fed on low crude protein content diet adjusted for amino acid requirements, showed low nitrogen excretion. They, therefore, reduced their potential on environmental pollution. Starting barrow pigs showed the best use of dietary protein and the lowest nitrogen excretion at 1.1% total lysine content in low crude protein diets (14.2%) formulated according to ideal protein concept.
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